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Abstract
What are the new trends in research for comfort evaluation and the objective and predictive techniques for quantifying and 
qualifying comfort perception by humans? This paper has attempted to answer this question in a wide literature review, whereby
it is possible to highlight many partial aspects that have been studied successfully. Just a few researchers [1–3] have studied the 
problem of comfort perception and evaluation under a wider point of view. Nevertheless, some aspects seem not to have yet been
taken into account. In a previous paper, the authors extended the Vink–Hallbeck model to build a comfort perception/evaluation 
matrix in which four kinds of comfort related to different humans’ perception were studied and linked to the whole 
environment’s characteristics. In the resultant perception-scheme and in the proposed “fusion rule” (for different kinds of 
perceived comfort/discomfort), one aspect that played a fundamental role in the final comfort/discomfort perception/evaluation
was expectation. Expectation due to preconceived data (acquired or formed in the users’ minds) and the influence of the working 
environment, can act in terms of additive or subtractive factor in the comfort experience by altering the final comfort/discomfort 
perception and changing the subjective comfort/discomfort evaluation. This paper presents the results of expectation influence 
analysis on comfort evaluation. Using the placebo effect, authors conducted a wide experimental test with a wide sample of 
users, asking them to use and evaluate two identical mattresses that were dressed and described as two different products (the 
first one as a very cheap mattress and the second one as a high-level and expensive mattress). Differences between subjective 
evaluations have been statistically processed and correlated to anthropometric parameters to individuate and understand the role 
of expectation.
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1. Introduction and state of art
In human-machine interface (HMI) design, several parameters must be correctly evaluated to guarantee a good 
level of safety and the well-being of its human users as well as to avoid health problems, such as musculoskeletal 
disease. ISO 11228 standards provide a good reference, in terms of ergonomics and comfort, for evaluating postural 
ergonomics in load push/pull, manual lifting and carrying of loads, as well as for repetitive actions and defining a 
“postural load index” that represents the ergonomics level of an examined posture [4,5]. The ergonomics evaluation 
methods —RULA [6], REBA [7], and LUBA [8]— are based on the measurement of anthropometric parameters. 
The overall comfort can be defined as the measurement of “level of well-being” perceived by humans when 
interacting with a working environment; this level is hard to detect and measure because it is affected by individual 
judgments thus has to be analyzed using quantitative/qualitative methods. A wide bibliographic research has 
resulted in many papers dealing with perceived level of comfort/discomfort, but the majority of them discuss the 
relationships among environmental factors—such as temperature, humidity, applied forces [9]—or follow the 
assumption that a relationship exists between self-reported discomfort and musculoskeletal diseases [10]. Five main 
topics regarding the relationship between the subjective perception of comfort/discomfort and the factors relating to 
products, processes, interactions, environment, and users have been identified and recognized by most scientists: 
Sensory input [11,12]; Activities conducted during the measurement with an influence on comfort [13,14]; Different 
bodily regions [15,16]; Effect of the products’ contour on comfort [5,17,18]; Physical loading [19–22]. In [2] there 
is an interesting schematization of the mechanism of comfort/discomfort perception that comes from the Moes’ 
model [1]. This model has been upgraded by Naddeo et al. [3], as shown in Fig. 1 (I = Interaction; H = Human body
effects, P = Perceived Comfort, C/N/D = Comfort/Nothing/Discomfort), to take into account expectations (E) and 
perception modification due to testing devices. In [3], the role of expectations has been viewed as a modifier 
(additive or subtractive) both in comfort and in discomfort formulas. Just a few papers over the last two decades 
have dealt with expectations by analyzing the correlation among them and other parameters involved in 
comfort/discomfort evaluation. Most of them deal with thermal comfort perception and expectation inside different 
types of buildings. In [23], thermal comfort inside private buildings has been studied to understand the effects of 
comfort perception on energy demand and on two different strategies for demand-management. One of the main 
results about expectation is that thermal and overall comfort perception, due to internal climate control, is affected 
more by psychological effect than by physiological effect; in comfort perception, expectation plays a relevant role in 
the case of active control of environment parameters (temperature, humidity, and aeration) while is less important in 
the case of passive control of environmental data. In both cases, physiological and psychological effects are aligned.
A similar experimental data analysis, made in two different buildings in Australia, was conducted by Deuble 
[24]; the conclusions suggested that the expectations affect the perception of comfort and are more important in the 
Fig. 1. Cappetti and Naddeo comfort/discomfort perception model.
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comfort evaluation when thermal control of environment is done directly by the subject. In the case of passive 
control, the study shows little influence of expectation on overall perceived comfort.
In [25], an interesting definition of comfort was given: A passive provision of comfort is perceived as an absence 
of discomfort, while an active provision of comfort is perceived as a state of well-being. Due to this definition, 
expectation has a positive influence on comfort only in those environments in which the subject can control the 
thermal condition. This effect has been demonstrated also by placebo thermostats, by which (even if nothing 
changes) the subject believes they have the thermal control of the environment. In [26], a critical review about the 
norms used to certify the public thermal environments has been studied. In the study, the role of expectation has 
been analyzed as a cultural- or country- dependent parameter. Brown and Cole [27] underlined that knowledge and 
control can affect the comfort perception. Among several parameters that can affect the comfort perception, three 
seem to be the most important: prior experience, personal knowledge about the comfort experience, and the 
expectation of perceivable comfort. The study was performed on the thermal condition in two different kinds of 
buildings in Canada. In this study, researchers showed that the perceived quality is the difference between the real 
quality of the service and the expected one; that expectation plays a role in shaping the direction and magnitude of 
influence on perception as a directional amplifier. In the study of Winzen and Marggraf-Micheel [28], the effect of 
preference and expectation on comfort evaluation in an aircraft cabin was performed. In that study, expectation was 
defined as the “anticipation of a future event,” and the authors hypothesized that people generally chose the option 
they expect would have the greatest value. To understand the effect of expectation on the perceived comfort, three 
aspects are taken into account by authors: how important the climate situation is for an individual passenger, how 
difficult he or she is to please (levels of demands), if expectations regarding the climate situation about to be 
encountered are either positive or negative. Several scenarios have been investigated using the placebo effect to 
better understand the correlation between comfort and expectation, and statistical analyses have been performed on 
obtained results. The main results of that paper were that, in the case of an objectively uncomfortable situation, a 
higher expectation has the effect of diminishing the overall comfort evaluation; in an objectively comfortable 
situation, a higher expectation has the effect of improving the overall comfort evaluation. Two other interesting 
results of this study were that “the more important the climate situation was to the subjects, the less comfortable it 
was judged to be with regard to all the climate parameters tested” and that “for subjects who had high expectations 
or were discerning with regard to the climate situation, there was a rather large disparity between their expectations 
and the reality they encountered. The climate situation was thus rated as being less comfortable. Subjects who had 
positive expectations experienced rather small discrepancies and assimilation occurred; the climate situation was 
rated as being more positive” the “assimilation contrast theory” [29] seems to provide a basis for interpreting that.
Generally, all cited papers recognize expectation as a fundamental role in modifying the real comfort perception.
The main target of this study was to understand the mechanism of expectation influence on overall comfort; to do 
that, an experimental test that used the placebo effect was prepared. The study was conducted on “perceived comfort 
while using a mattress in a short-time rest experiment. Authors asked the subject to test two “described as different” 
mattresses in a 15-minute rest-experiment and to evaluate them in terms of perceived comfort. Because the
mattresses are, in reality, identical, the difference between subjective comfort evaluations are due only to different 
expectations of the subjects. The secondary target was to understand if the expectation influence can be correlated to 
anthropometric data of subjects and if the different parts of the body concur in different ways to the expectation 
influence on overall perceived comfort. Knowledge and cultural background influences were not analyzed because 
the statistical sample was extracted from a population that has similar habits and cultural background (students of a 
second-year Master of Engineering). Environmental parameters were not analyzed because all tests were performed 
in a temperature/humidity/ventilation constant situation.
2. Materials and methods
The study was conducted in the Design and Methods laboratory at University of Salerno. Two identical 
mattresses, manufactured by Rinaldi Group S.r.l. (a large mattress manufacturer company in Giffoni Valle Piana 
(SA) – Italy) were used. The mattresses were placed in a closed environment, fully thermally controlled, with very 
little fluctuation of temperature and humidity (about ±2%) and with soft, indirect air circulation. During the tests, 
lights were switched off to simulate a short rest-time (15 minutes) in silent conditions.
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2.1. Sample
The recruitment of participants was undertaken among the students of the last year of MD Courses of Mechanical 
and Management Engineering at the University of Salerno. 
The sample can be considered homogenous: The students’ ages were between 23 and 25 years. Because the 
subjects attended the same faculty and all passed the same exam (or fulfilled the requirements) to attend the MD at 
University of Salerno, it was assessed that all participants had the same cultural profile and had been selected over 
the years for their preparation and inclination toward the sciences. Most of them came from the same geographical 
area, with the same yearly weather conditions; therefore, habits about cold/warm sensitivity might not have affected 
their judgment. The sample was clustered in terms of age, gender, anthropometric characteristics (height, weight, 
and percentile). Subjects were asked to wear standardized clothes (no shoes, long sleeves, and trousers) and not to 
use any kind of cushion or blankets because the inside-laboratory temperature was good for resting (20°C with 50% 
humidity).
2.2. Instruments, materials and data acquisition
The mattress used for the test was the SHIRLEY model of Valflex’s product line; it was an anatomical multi-
foam mattress in which three different layers were combined: the top layer was made of Multi Foam Fresh Gel, the 
middle layer was Mind Foam Memory Effect with massaging effect, and the lower layer was made of Technocell 
AquPur high-density with open cells, which ensured a firm support. The mattress’ height was 22 cm, 80 cm wide by 
188 cm in length. The mattress was covered by an elastic cover made of cotton and polyamide that hid the internal 
characteristics of the mattress and contributed to distribute the subject-weight in a proper manner along the mattress 
fibers. A thin elastin (for hygienic purposes) also covered both mattresses. 
The chosen method for data acquisition was a questionnaire. This questionnaire was prepared to acquire personal 
information and ratings about expected and perceived comfort during resting-time on the mattresses. The same 
questionnaire was used for rating the “low quality” and the “high quality” mattress. This questionnaire was drawn 
up by taking inspiration from some scientific papers [30–32] and customized for the specific application.
The mattresses used were the same, but to exploit the power of placebo effect for understanding expectation in 
comfort perception, it was reported to the subjects that the mattresses were different from each other: Mattress A
was a high quality mattress having a higher price; Mattress B was a low quality mattress and cheaper than A.
As seen in the questionnaire (Fig. 2), the first part of the questionnaire was not related to the mattress’ 
characteristics but reported general questions and data about the subject’s characteristics and preferences.
Fig. 2. Questionnaire.
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Fig. 3. (a) Setup in “Design and Methods” laboratory at University of Salerno; (b) example of testing.
The first two questions highlighted whether the reputation of the brand was important to the subject, how it 
affected general expectations of the product and the importance of value for money. This information was useful to 
understand if, how, and what may affect the expected comfort level. In the second part of the questionnaire, there 
are five questions about comfort; the authors asked the subjects the level of global perceived and expected comfort 
during the test, the level of the perceived comfort for different parts of the body and, in case of disorders suffered, 
what they are.
2.3. Procedure 
As stated previously, the test was performed in a closed and bounded laboratory (Fig. 3a), isolated from other 
environments and from external light. The subjects were invited, in set of two, into the laboratory, and the procedure 
was explained to them. They were invited to answer the first part of the questionnaire before beginning the session. 
Each subject was told that Mattress A was different from Mattress B and that he or she had to spend 15 minutes on 
Mattress A and then answer the questionnaire for Mattress A. After that, he or she spent 15 minutes on Mattress B 
and then had to answer the questionnaire for Mattress B (Fig. 3b). 
3. Results
Through the analysis of questionnaires, the following data were collected:
x Subjective level of perceived comfort expressed on a scale of 0 to 10, with 10 being best. 
x Subjective level of expected comfort expressed on a scale of 0 to 10, with 10 being best. 
x Comments on own attitudes about brand awareness, product price, quality and their influence on own choice.
Data from 41 subjects (12 female and 29 male) were considered for the analysis of questionnaires. Arithmetic 
means of scores about perceived and expected comfort were calculated to compare the two mattresses’ ratings.
In a first step, frequency analyses were used to identify differences between the independent variables. The mean 
of perceived comfort for Mattress A was 7.85 (SD = 1.01) and for Mattress B was 6.41 (SD = 1.41); it confirmed 
that the comfort was perceived as being higher on Mattress A, suggesting that subjects perceived the two mattresses 
as significantly different to each other ('Comfort = 1.44). The differences between the perceived comfort on 
Mattress A and the perceived comfort on Mattress B were also confirmed (shown in Table 2) by the comfort ratings 
that subjects gave to the different parts of their own body, as asked in the questionnaire. Notable difference was 
found, especially for the trunk: the subjects, who perceived the two mattresses to be different, noticed a major 
difference in the area of the trunk. 
The mean of expected comfort for Mattress A was 8.51 (SD = 1.10) and for Mattress B was 5.90 (SD = 1.26): it 
shows how expectations influence the subjects’ judgment: subjects expected higher comfort on the mattress that 
belonged to the high brand and less comfort on the mattress belonging to the low brand ('Expected-Comfort = 
2.61). One-way ANOVA was performed to determine whether gender was a discriminating factor for the variables 
under study: None of the factors resulted in statistically different mean values between males and females. The first 
two questions of the questionnaire—subjects had to give a judgment as to the importance of brand and cost of a 
product in relation to the level of product’s quality—were analyzed.
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Table 1. Descriptive statistics of perceived comfort for the several parts of the body.
Comfort 
head and 
shoulders 
mattress A
Comfort 
head and 
shoulders 
mattress B
¨Comfort 
head and 
shoulders
Comfort 
trunk 
mattress 
A
Comfort 
trunk 
mattress 
B
¨Comfort 
trunk
Comfort 
lower limbs 
mattress A
Comfort 
lower limbs 
mattress B
¨Comfort 
lower limbs
Mean 7.15 5.90 -2 7.93 5.95 -2 7.90 7.15 -4
Std. 
Deviation
1.71 2.02 5 1.56 2.04 8 1.62 1.62 5
Analyses of correlations demonstrated that the notoriety was correlated only with the perceived comfort on 
Mattress B (correlation is significant at the 0.05 level); this demonstrated that people that gave a higher value to cost 
and notoriety but not necessarily a higher value when evaluating Mattress A. This result is in contrast to what had 
been assessed in Winzen and Marggraf-Micheel [30], and the subjects’ behavior can be explained through their will 
to not show consumer behavior for moral reasons. It has to be deeper. 
Finally, a large multivariate analysis was performed to verify possible correlations among the variables. The 
statistical analysis software SPSS rel.13 was used to perform these analyses. Pearson correlation coefficients were 
calculated to determine the strength of the relationships among all the variables. The Pearson index revealed high 
correlation among the considered variables. However, the more significant correlations were the ones between the 
PerceivedComfort, related to Mattress A, and the PerceivedComfort, related to Mattress B (positive correlation is 
VLJQLILFDQWDWWKHOHYHOWKHFRUUHODWLRQEHWZHHQWKH¨([SHFWHG&RPIRUWDQGWKH¨&RPIRUWUHODWHGWR0DWWUHVV$
(negative correlation is significant at the 0.0 OHYHO DQG WKH FRUUHODWLRQ EHWZHHQ WKH ¨([SHFWHG&RPIRUW DQG
¨&RPIRUWUHODWHGWR0DWWUHVV%SRVLWLYHFRUUHODWLRQLVVLJQLILFDQWDWWKHOHYHO
A wider analysis was performed by dividing the tested sample into clusters and by considering, as a clustering 
YDULDEOHWKH¨&RPIRUWSHUFHLYHG
According to this clustering variable, people were divided into 4 clusters (N = number of subjects). The first 
group perceived more comfort on Mattress B (presumed low quality mattress); the second group perceived the same 
comfort on both mattresses, and the groups 3 and 4 perceived more comfort on Mattress A (presumed high quality 
mattress) with two levels of  ńŰŮŧŰ
possible to see how the other analyzed variables are represented.
Table 2. Descriptive statistics of the four defined clusters.
ǻ3HUFHLYHG
Comfort         
(A-B)
ǻ([SHFWHG
Comfort         
(A-B)
ǻ3HUFHLYHG
Comfort head and 
shoulders (A-B)
ǻ3HUFHLYHG
Comfort 
trunk (A-B)
ǻ3HUFHLYHG
Comfort lower 
limbs (A-B)
notoriety cost
Cluster 1 N 4 4 4 4 4 4 4
Mean -1 2.75 0.50 -0.50 -1.50 5.25 5.50
Std. 
Deviation
0 0.957 1.915 1.291 1.915 2.217 1
Cluster 2 N 4 4 4 4 4 4 4
Mean 0 2.75 -1.25 -0.50 -0.75 5.25 6.50
Std. 
Deviation
0 1.893 0.50 0.577 0.50 1.708 0.577
Cluster 3 N 27 27 27 27 27 27 27
Mean 1.56 2.07 1.44 2 0.96 5.74 6.48
Std. 
Deviation
0.5 1.385 1.219 1.468 0.706 1.810 1.252
Cluster 4 N 6 6 6 6 6 6 6
Mean 3.8 2.67 2.50 5.17 2.33 2.67 6.50
Std. 
Deviation
0.4 2.338 1.643 2.563 1.506 1.862 0
For all clusters, people expected a greater comfort on the mattress belonging to the presumed higher quality set.
Cluster 1 (N = 4) perceived a higher comfort on the lower range mattress, despite their expectation of more 
comfort on Mattress A. In this cluster, the people noticed the differences, especially for the legs and trunk.
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Cluster 2 (N = 4) expected more comfort on the mattress of presumed higher quality but, after the test, the 
subjects decided that the two mattresses were equal. Despite that, subjects judging the perceived comfort in the 
different parts of the body gave a lower score to the mattress of presumed lower quality. 
Subjects who belong to cluster 3 (N = 27) and 4 (N = 6) said that the two mattresses were different. Both groups 
expected greater comfort on Mattress A and, after the test, confirmed that they were more comfortable on Mattress 
A. In particular, the results for clusters 3 and 4 showed that the increase of the expected comfort corresponded both 
to an increase of the perceived overall comfort and comfort of different parts of the body.
4. Conclusions
The aim of this study was to determine the correlation between the expected comfort and the real perceived 
comfort during the use of a product by the customer. Expectation is a factor related to the environment, and it is 
strongly influenced by cultural/experience background of the analyzed subjects [3]. In this case, the authors wanted 
to determine if the level of expected comfort was also affected by the notoriety/cost of a mattress. The analysis of 
the results has showed that the level of expected comfort related to Mattress A was higher than that of Mattress B, 
for the entire sample.
The Perceived comfort was greater for Mattress A in most cases [N = 33]. Four subjects said that the Comfort 
Perceived on Mattress B was higher than that of Mattress A. Four subjects perceived the same comfort level on both 
mattresses, despite the fact that the subjects who judged the perceived comfort in the different parts of the body gave 
a lower score to the mattress of presumed lower quality. Therefore, in this case, people did not respond to the other 
questions of the questionnaire considering the value given to the perceived comfort but rather considering the value 
given to the expected comfort. 
One-way ANOVA confirmed that the variables under study did not result in statistically significant different 
mean values in relation to the subjects’ gender. The correlation analyses have shown that the Perceived Comfort of 
Mattress A and the Perceived Comfort of Mattress B were linked to each other. 
The Pearson index also revealed that an increase of the Expected Comfort implied a decrease in Comfort 
(difference between Expected and Perceived) related to Mattress A and an increase of Comfort (difference between 
Expected and Perceived) related to Mattress B. The frequency analysis showed that the Expectations affected the 
average value of Perceived Comfort with an effect of 18.3%.
The obtained results have confirmed what was assessed by the Naddeo et al. [3] model that showed an indirect 
correlation between the Expected Comfort and the Perceived Comfort: an increase of the Expected Comfort implied 
a decrease of the Perceived one, and a decrease of the Expected Comfort implied an increase of the Perceived one.
In fact, for Mattress A, the average value of the expected comfort (Mean Expected Comfort = 8.51) was greater 
than the average value of the perceived comfort (Mean Perceived Comfort = 7.85), while for Mattress B, the average 
value of the expected comfort (Mean Expected Comfort = 5.90) was greater than the average value of the perceived 
comfort (Mean Perceived Comfort = 6.41).
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